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Abstract 
Biological methane oxidation is affected by many environmental factors. In this study, 13C-labeling coupling with 
PLFAs detection was used to investigate the community structure of methanotrophs and the methane oxidation rate 
under different CH4/O2 ratios (1:1, 1:3 and 1:5 respectively). Results showed that variation of PLFAs concentration 
(ǻPLFAs) and carbon isotope richness (ǻ13CPLFAs) of the soil incubated under the above CH4/ O2 ratios (CH4 
concentration: 15.6% 6.3% and 3.9% respectively) were both significant, and were positively related to the methane 
concentration. ǻPLFAs and ǻ13CPLFAs of 16:1Ȧ7c, 16:1Ȧ5c and 16:0 were the most significant for all the three 
different incubations. The rates of oxygen consuming/ methane consuming under the three incubation conditions 
were 1.88, 1.73 and 1.62 respectively, showing different assimilation occured. Methane oxidation rate per 
methanotrophic biomass calculated from 16:1Ȧ7c, 16:1Ȧ5c, and 16:0 were 1.11×10-7, 1.99×10-7, 1.53×10-7 nmol·h-
1·cell-1 respectively. 
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1. Introduction 
Methane is an important greenhouse gas and its global warming potential (GWP) is approximately 23 
times higher than that of CO2. Landfills are ranked as one of the largest source of anthropogenic CH4 
emissions, making up for about 3-7% of global CH4 emissions[1]. Landfills represent point sources of CH4 
to the atmosphere and thus are excellent targets for mitigation[2]. In large landfills landfill gas can be 
collected for flaring or power generation, but for older and smaller landfills without gas collection systems 
biocover is a potent option for the mitigation of emitted methane from landfills. The methane mitigation 
 
  Corresponding author. Tel.: +86-10-62796540; fax: +86-10-62772436. 
E-mail address: luwenjing@tsinghua.edu.cn. 
© 2012 Selection and/or peer-review under responsibility of Basel Convention Coordinating Centre for Asia and the Pacific 
and National Center of Solid Waste Management, Ministry of Environmental Protection of China.
Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
698   Lulu Ren et al. /  Procedia Environmental Sciences  16 ( 2012 )  697 – 704 
occurred in biocovers is a biological oxidation process mediated by methanotrophic bacteria which can be 
categorized into three types: type I, type II, and type X, based on their carbon assimilation pathways, 
intracytoplasmic membrane arrangements and other characters[3]. 
Influencing factors of microbial methane oxidation in landfill covers has been widely investigated, 
especially the supply of the substrates methane and oxygen. Those studies are mainly focused on 
approaches to improve the capacity of oxygen diffusion in the cover soil[4, 5]. However few studies have 
been focused on influence of CH4/O2 ratios on methanotrophic community and methane oxidation rate. 
Isotope labelling combining with PLFAs (phospholipid fatty acids) analysis has been used to 
investigate community structure and identify new species in soils[6-8]. Main details of this technology was 
summarized by Boschker and Middelburg[9], and its procedure is incubating soils with isotopically labeled 
substrates and then assessing the activities of communities through the determination of membrane lipids. 
In this investigation, a combination of stable isotope labelling with PLFAs analysis was employed to 
assess the methanotrophic community and methane oxidation rate after incubation under different CH4/O2 
ratios. 
2.  Materials and Methods 
2.1 Incubation set- up 
Three glass flasks each filled with 150 g dry weight equivalent of soil were used as microcosms and 
incubated at 25 ć. Soil used in the experiment is sampled from a methane oxidation simulation setup[5], 
and sieved (4 mm, moisture content 17.88%) previously. A diaphragm pump was used to flow mixed gas 
in and the headspace gas concentrations of the three glass flasks were monitored by GC to ensure a 
relatively constant level. CH4 used for the incubation was 13C- labeled (about 2 %) and the mixed gas 
composition was listed in table 1. After incubating for 14 days soils in the three sealed microcosms were 
taken out for PLFAs analysis and methane oxidation rate test. 
Table 1. Gas concentrations of the three incubationsa 
Microcosms CH4/O2 CH4 CO2 O2 N2 
A 1:1 15.6% 10.4% 15.6% 58.5% 
B 1:3 6.3% 4.2% 18.8% 70.7% 
C 1:5 3.9% 2.6% 19.6% 73.8% 
a. Data shown was the targeted concentrations and ratios, and the real values determined by GC were close to them. 
2.2 Methane oxidation and gas concentration analysis 
Soil (4 g wet weight) were placed in 110 ml serum bottles sealed with butyl rubber stoppers and  gas 
concentrations were adjusted to the incubation level respectively before the start of methane oxidation rate 
test which lasted for 12hs at 25°C . Gas headspace samples (0.5 ml) were taken every two hours and 
analyzed for CH4 and O2 with a gas chromatograph equipped with a TCD detector. Porapack Q column 
connected to a 5A sieve was used for gas separation. The operational temperature of the column was 50 
ć, and N2 was used as carrier gas. CH4 oxidation rates were estimated from zero-order decrease in 
headspace CH4 concentration. 
2.3 PLFAs analysis 
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PLFAs were analyzed following the procedure described by Evagelia S. Papadopoulou et al.[10] with 
some modifications. Lipids were extracted from 1.5 g freeze-dried soil and fractionated into neutral lipids, 
glycolipids and phospholipids on a silica column by elution with chloroform, acetone and methanol, 
respectively. Methylnonadecanoate (19:0) was added to the fraction containing the phospholipids as 
interior label for quantitative analysis and the phospholipids were then transmethylated to their fatty acid 
methyl esters using mild alkaline methanolysis. 
The PLFAs were separated and identified on an Agilent 7820 GC equipped with a FID detector, N2 
was used as carrier gas. The column used was a HP-5 column (30m×0.32mm i. d.; 0.25ȝm film thickness), 
the temperature program was as follows: 100ć for 1 min, 100ć – 150ć at 15ćgmin-1, 150 – 220 ć 
at 3ćgmin-1, and then kept at 220ć for 10 min.  
The identification of fatty acid methyl esters was based on comparison with chromatograms of fatty 
acid methyl ester standard compounds (47080-U, 47885-U, Supelco, Inc.) and with chromatograms 
obtained by Andrea Watzinger et al.[11, 12] using the same column. 
GC-C-IRMS analyses of fatty acid methyl esters were carried out using a Thermo Delta V advantage 
instrument linked to a thermo trace GC ultra via a combustion interface with a copper oxide and platinum 
catalyst maintained at 1030°C. The column used was a DB-5 column (30m×0.25mm i. d.; 0.25ȝm film 
thickness) and temperature program were the same as detailed above. Helium was used as the carrier gas. 
Reference CO2 of known isotopic composition was used for sample calibration and introduced into the 
source three times at the start and end of each run. 
2.4 Isotopic mass balancing 
The CH4 stable carbon isotope ratio (¥13C) is calculated by eq. 1 where R is the 13C/12C ratio of the 
sample and Rst is the ratio for standard Vienna Peedee Belemnite (0.01124).  
13C=( -1) 1000
st
R
R
G  ă                                                                       (1) 
All ¥13C values were corrected for derivatization using a mass balance equation (eq. 2)[6, 8]. 
13 13 13
cd cd c c d dn C n C n CG G G                                                             (2) 
The¥13C value of methanol ( -33.38‰) was determined using the same method for fatty acid methyl 
esters ¥13C analysis but with a higher split ratio in the injector of the GC. n is the number of carbon 
atoms, c is the compound of interest, d is the derivatizing agent (methanol here), and cd is the derivatized 
compound of interest. The fractional abundance (F, eq. 3) expresses the amount of 13C as a proportion of 
the total amount of carbon in the PLFA, and the initial fractional abundance (Fi) and enriched fractional 
abundance (Fe) could be used to calculate the concentration of 13C incorporated into PLFAs from the total 
PLFA concentration using eq. 4.  
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13 12
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                                                                                      (3) 
                      e i=(F - F )[PLFA]Incorporation                                                              (4) 
3.  Result and Discussion 
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3.1 PLFAs profiles 
Figure 1 shows the concentrations of the major PLFAs extracted from the soil incubated under the 
three different conditions after 2 weeks. PLFAs patterns are similar for the three incubations with 16:1¹
7c, 16:1¹5c and 16:0 being the most abundant ones as evidenced by the sum of these three PLFAs nearly 
equals the total PLFAs. 16:1¹7c, 16:1¹5c and 16:0 of microcosm A increased the most significantly 
while increases of 16:1¹7c, 16:1¹5c and 16:0 of microcosm B and C were close and were about half of 
those of microcosm A. 
14
:0
i15
:0
a1
5:0 15
:0
i16
:0
16
:1Ȧ
8c
16
:1Ȧ
7c
16
:1Ȧ
6c
16
:1Ȧ
5c
16
:0
10
Me
16
:0
i17
:0
a1
7:0
17
:1Ȧ
8c
cy
17
:0
17
:0
10
Me
17
:0
18
:2Ȧ
6c
,9c
18
:1Ȧ
9c
18
:1Ȧ
8c
18
:1Ȧ
7c
18
:0
cy
19
:0
0
100
200
300
400
500
PLFAs
C
on
ce
nt
ra
tio
n 
(n
M
g
-1
 [d
w
t])
 
 
 Initial soil
 Microcosm A
 Microcosm B
 Microcosm C
 
Figure 1. Concentration distribution of PLFAs extracted from soils before and after the incubation. Error bars reflect f1 SD from 
the mean. 
3.2 13C-Labeling 
In order to determine which PLFAs are derived from methanotrophs 13C-labeling and compound-
specific stable carbon isotope analysis is needed. į13C and ǻ13C (į13Cenriched-į13Cinitial) distribution of 
PLFAs are shown in figure 2 and figure 3. Five less PLFAs are investigated as a result of low 
concentration of those five PLFAs and closely adjacent eluting times to other PLFAs. Contrast to the 
relative simple PLFAs concentration change pattern, ǻ13C changes are more diverse. ǻ13C of 14:0, 16:1¹
7c, 16:1¹5c and 16:0 increased the most significantly and there was no clear relationship with the 
incubation methane concentration. į13C values of 14 PLFAs increased after the three incubations, while 
į13C values of the other 4 PLFAs decreased totally or partly. Incorporation of 13C is shown in figure 4, 
only the 14 PLFAs showing increased į13C are discussed. Most 13C was incorporated into 16:1¹7c, 16:1
¹5c and 16:0 for the three incubations. Incorporation of 13C into 16:1¹7c, 16:1¹5c and 16:0 of 
incubation A is much higher than that of incubation B and incubation C, while incorporation of 13C into 
16:1¹7c, 16:1¹5c and 16:0 of incubation B exceeds only a little of 13C incorporation of incubation C. 
Compared with the concentration change of the three major PLFAs, it is easy to find the similarity 
between 13C incorporation and PLFAs concentration pattern. Excluding the possibility of 13C label 
recycling, 16:1¹7c, 16:1¹5c and 16:0 could be concluded to be directly derived from methane-oxidizing 
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bacteria. This assumption is reasonable for ǻ13C of 16:1¹7c, 16:1¹5c and 16:0 is alike and incubation 
period showing distinct 13C label recycling in other literature is much longer than that used in this 
investigation. By determining the total amount of PLFAs belonging to methanotrophs, it is possible to 
estimate the methanotrophic biomass. Frostegård. A and Bååth. E calculated an average value of 1.4h10-
17 mol per bacterial PLFA cell[13]. Using this value an estimate of methanotrophic biomass of 4.89×1010 
cell·g[dwt]-1, 2.45×1010 cell·g[dwt]-1, 2.27×1010 cell·g[dwt]-1 respectively for the three incubations was 
obtained. The estimate of methanotrophic biomas is based on only the major 13C-labeled methanotrophic 
PLFAs, namely 16:1¹7c, 16:0 and 16:1¹5c. As the conversion factor used in the biomass calculation is 
based on a mean PLFAs concentration for a wide range of bacteria, much big deviation may be exist. 
However, the biomass data obtained in this investigation could be used for comparative analysis.  
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Figure 2. ¥13C values distribution of selected PLFAs extracted from soils before and after the incubation. Error bars reflect f1 SD 
from the mean. 
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Figure 3. 13C values distribution of selected PLFAs extracted from soils before and after the incubation. 
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Figure 4. Incorporation of 13C into different PLFAs after the incubation. 
3.3 Methane Oxidation Rates 
Methane and oxygen consuming rate is displayed in figure 5. Methane consuming rate/oxygen 
consuming rate is 1.88, 1.73 and 1.62 respectively. As CO2 generated by soil respiration was undetectable 
during the 12h test period, so consuming oxygen could be all contributed to the process of methane 
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oxidation. As shown in equation 5, one mole of methane and two moles of oxygen were consumed 
simultaneously in a completed reaction. Consuming rate ratios obtained in this investigation are all bellow 
2:1 meaning that a variance of methane carbon is incorporated into biomass. 
4 2 2 22 +2CH O CO H O                                                                (5) 
Combining the methane oxidation rate and the biomass data obtained, methane oxidation rate per cell 
after incubation is 1.11×10-7 nmol·h-1·cell-1, 1.99×10-7 nmol·h-1·cell-1 and 1.53×10-7 nmol·h-1·cell-1 
respectively (figure 6).  
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Figure 5. Consuming rate of methane and oxygen per dry soil weight after the incubation. Error bars reflect f1 SD from the mean. 
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Figure 6. Consuming rate of methane and oxygen per cell after the incubation. Error bars reflect f1 SD from the mean. 
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4. Conclusions 
In this investigation, 13C-labelling coupling with PLFAs analysis was used to determine 
methanotrophic community biomass. Methane oxidation after the incubation of different CH4/O2 ratios 
was also tested. Microcosm B (methane 6.3%, oxygen 18.8%) gained the highest per cell methane 
oxidation rate. Though the gas combinations and incubation period in this investigation is limited, data 
obtained and the method used provides a clue to optimize the gas composition in landfill soil. To identify 
the methanotroph species longer incubation time and cluster analysis is needed. 
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